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(54) PROGRESSIVE REFRACTIVE POWER LENS 

(57) An additional aspherical surface amount is 
defined by a sum of the optimum amount at a distance 
portion and the optimum amount at a near portion on a 
progressive refractive surface. Assuming that the ratio is 
taken as a:p, the additional aspherical surface amount 
is added to the progressive refractive surface in such a 
manner that a and p satisfy a relationship of a + p = 1 
With this configuration, in the case where an aspherical 
shape is added to a progressive power lens for correct- 
«ng visual acuity for the purpose of improving the optical 
performance and thinning the lens, the optimum 
aspherical shape can be given not only to a region 
along a main meridian line but also to the whole of the 
progressive refractive surface. 
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Description 

Technical Filed 

s [0001] The present invention relates to a progressive power lens for correcting visual acuity, and particularly to a 
design of an aspherical progressive power lens intended to improve the optical performance of the lens and to thin the 
lens. 

Background Art 

10 

[0002] In recent years, various attempts have been made to improve the optical performances of progressive power 
lenses. In particular, attention is being given to a progressive power lens produced on the basis of aspherical design. 
This is intended to compensate for an error portion of a lens caused by spherical design by assuming a condition equiv- 
alent to an actual condition under which a user wears spectacles in each of which the lens is assembled, and calculat- 

75 ing the dioptric power, astigmatism, prism, etc. of the lens by means of ray tracing. 

[0003] A progressive refractive surface is originally formed by smoothly connecting spherical surfaces at distance 
and near portions, which are different in curvature, to each other within one surface, and therefore, it is naturally an 
aspherical surface. However, the wording "the aspherical design of a progressive power lens" used in this description 
means that even a point, having a specific curvature, of a progressive refractive surface, such as a distance optical 

20 center or near optical center is a aspherical surface. 

[0004] A progressive power lens produced on the basis of such an aspherical design is disclosed in Japanese Pat- 
ent Publication No. Tokko-hei 2-39768, which lens exhibits effects of reducing astigmatism and thinning the lens as 
compared with a lens produced on the basis of spherical design. 

[0005] In the case of designing and producing a lens in accordance with the technique disclosed in Japanese Pat- 
25 ent Publication No. Tokko-hei 2-39768, however, there occur several problems or insufficient points. 

[0006] At first, Japanese Patent Publication No. Tokko-hei 2-39768 discloses the structure of only a region, in the 
vicinity of a main meridian line extending between distance and near portions, of the progressive power lens. The main 
meridian line of a progressive power lens is certainly as important as to be called a main convergence line; however, it 
is only a line. When acquiring viewing information, a human being takes a sight of a wide area other than the meridian 
30 line. ' 

[0007] At second, since the dioptric power of a progressive power lens differs between different positions of the 
lens, an ideal additional aspherical surface amount added to an original progressive refractive surface must differ 
depending on a position of the lens. In accordance with the technique disclosed in Japanese Patent Publication No. 
Tokko-hei 2-39768, the additional aspherical surface amount differs between the distance and near portions disposed 

35 along the main meridian line; however, it is unclear what aspherical surface is set at other portions. 

[0008] The region disposed along the main meridian line also includes a progressive portion in which a focal power 
is continuously changed, and it is theoretically required to give an additional aspherical surface amount to such a pro- 
gressive portion. At the present day, however, any prior art intended to give an additional aspherical surface amount to 
the above progressive portion has been not disclosed. 

40 [0009] The progressive surface of a progressive power lens is required to be configured such that refractive sur- 
faces at all portions of the lens are optically continuous to each other within one surface. If a lens is configured such 
that although refractive surfaces at portions along the main meridian line form an optically continuous aspherical shape, 
the refractive surfaces at other portions not along the main meridian line do not form an optically continuous aspherical 
shape, it is useless to produce the lens on the basis of the aspherical design. As a method for forming the refractive 

45 surfaces at the portions not along the main meridian line into an optically continuous aspherical shape, there is known 
only a method of interpolating a curvature in the direction extending, perpendicular to the main mendian line, from each 
point of the optically continuous aspherical portion along the main meridian line. It is not regarded that such a method 
is able to form the portions not along the meridian line into an ideal aspherical shape. 

[0010] The production of a custom-made progressive power lens for spectacles is required to simply form a pro- 
50 gressive aspherical shape on the basis of the optimum aspherical design for achieving effects of reducing astigmatism 
in accordance with the user's recipe including the dioptric power of the lens and of thinning the lens. 
[001 1] In view of the foregoing, the present invention has been made, and an object of the present invention is to 
provide a progressive power lens in which all of portions including a progressive portion are formed into an optimum 
aspherical shape on the basis of a simple lens design. 

55 

Disclosure of Invention 

[001 2] To achieve the above object, the present invention provides a progressive power lens in which the optimum 
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aspherical shape is given to the entire lens including a progressive portion by a lens design capable of simply tormina 
a new progressive aspherical refractive shape on the basis of a progressive spherical refractive shape or by a lens 
design capable of simply forming, on the basis of a progressive aspherical refractive shape adapted for a certain user's 
recipe, a new progressive aspherical refractive shape adapted for another desired user's recipe. ' 
[001 3] To be more specific, an additional aspherical surface amount for each user's recipe is not determined on the 
basis of ray tracing but is determined by a method wherein the optimum additional aspherical surface amount is previ- 
ously determined by actual ray tracing for several examples selected from a range of user's recipes using a common 
basic progressive refractive surface, and then an additional aspherical surface amount for a desired user's recipe is 
determined by interpolation on the basis of the optimum additional aspherical surface amount ~ ~ 

[0014] The present invention provides a progressive power lensdesigned on the basis of the following five methods 
of calculating an additional aspherical surface amount. 

[001 5] According to a first invention there is provided a progressive power lens characterized in that at least one of 
two refractive surfaces forming a spectacle lens has a progressive refractive surface including a distance portion and a 
k!w P ° V!?! 9 diffe !i ent ,OCa ' POW6rS ' 3nd 3 Passive P 0 *™ having a focal power progressively changed 
T . 6 ^ near POrti ° nS; coordinates are defined such that, assuming that the progressive refractive 

surface of the lens assembled in each of spectacles is viewed from the front side of a user, the horizontal direction is 
taken as an X-axis; the vertical direction (direction between the distance and near portions) is taken as a Y-axis- the 
depth direction is taken as a Z-axis; and a progressively change starting point located at the lower end of the distance 
portion ,s taken as an origin (x, y. z) = (o, 0, 0); assuming that a coordinate of an original progressive refractive surface 
is taken as z p and a coordinate of the progressive refractive surface is taken as z„ a relationship of z . = z + 8 is estab- 
lished; and at the distance portion along a main meridian line extending substantially in the Y-axis direction of the pro- 
gressive refractive sur^ the 8 is given by 8 =g(r) ; at the near portion along the main meridian line extending 
substantially in the Y-ax.s direction of the progressive refractive surface, the 8 is given by 8 = h(r); and at other portions 
the 8 .s given by 8 = a • g(r) + p • h(r) where a and p satisfy the relationship of a + p = 1 0 OS a S1 and 0s B si ' 
r is a distance from the progressively change starting point and is expressed by r = (x 2 + y 2 ) 1)2 • and the g(r) and Mr) 
are each a function depending only on r and satisfy the relationship of g(r) * h(r) and g(0) = 0 
[001 6] According to a second invention, there is provided a progressive power lens characterized in that at least 
one of two refractive surfaces forming a spectacle lens has a progressive refractive surface including a distance portion 
and a "ear portion having different focal powers, and a progressive portion having a focal power progressively changed 
betoeen he distance and near portions; coordinates are defined such that, assuming that the progressive refractive 
surface of the lens assembled in each of spectacles is viewed from the front side of a user, the horizontal direction is 
taken as an X-ax,s; the vertical direction (direction between the distance and near portions) is taken as a Y-axis the 
depth direction is taken as a Z-axis; and a progressively change starting point located at the lower end of the distance 
portion is taken as an origin (x, y. z) = (0. 0. 0); assuming that a radial inclination of an original progressive refractive 
surface .s taken as dz p and a radial inclination of the progressive refractive surface is taken as dz„ a relationship of 
• I 1 * ] S ® stabl,shed: ano " at the distance portion along a main meridian line extending substantially in the Y- 
^! S |i?I^° n 5 Passive refractive surface, the 8 is given by 8 = g(r) ; at the near portion along the main merid- 
ian line extending substantially in the Y-axis direction of the progressive refractive surface, the 8 is given by 8 = h(r) • 
and at other portions, the 8 is given by 8 = a • g(r) + p • h(r) where a and p satisfy the relationship of a + p = 10 ' 
0= a =1. and 0s p si ; r is a distance from the progressively change starting point and is expressed by r = (x 2 + y 2 ) 1/2 • 
tZLV? 9(0 and h(r) are eaCh 8 funCtion de P endina only on ' and satisfy the relationship of g(r) * h(r) and g(0) = 0 ' 
[001 7] According to a third invention, there is provided a progressive power lens characterized in that at least one 
of two.refract.ve surfaces forming a spectacle lens has a progressive refractive surface including a distance portion and 
kI! 3 ' po '' t,0 ']. n 4 av,n 9 di " erent ,ocal P^rs. and a progressive portion having a focal power progressively changed 
between he distance and near portions; coordinates are defined such that, assuming that the progressive refractive 
surface of the lens assembled in each of spectacles is viewed from the front side of a user, the horizontal direction is 
taken as an X-axis; the vertical direction (direction between the distance and near portions) is taken as a Y-axis- the 
depth direction ,s taken as a Z-axis; and a progressively change starting point located at the lower end of the distance 
portion .s taken as an ong.n (x, y, z) = (0, 0. 0); assuming that a radial curvature of an original progressive refractive 
surface is taken as it and a radial curvature of the progressive refractive surface is taken as c t . a relationship of 
c, = c p + 8 is established; and at the distance portion along a main meridian line extending substantially in the Y-axis 

e^rSnc ^^SST^J^T^ ! UrfaC6, ,nS 8 iS 9iV6n bY 5 = 9(r) 1 at * e near P° rtion a,on 9 the main ™ridian «™ 
extending substantially ,n the Y-axis direction of the progressive refractive surface, the 8 is given by 8 = h(r) ■ and at 

other portions, the 8 is given by 8 = a • g(r) + p . h(r) where a and p satisfy the relationship of a + p =10 0- a 
-1 . and OS p si ; r is a distance from the progressively change starting point and is expressed by r = (x 2 + y 2 ) 1/2 • and 
rnn^i, are ***** * function depending only on r and satisfy the relationship of g(r) * h(r) and g(0) - 0 

[0018] According to a fourth invention, there is provided a progressive power lens characterized in that at least one 
of two refractive surfaces forming a spectacle lens has a progressive refractive surface including a distance portion and 
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a near portion having different focal powers, and a progressive portion having a focal power progressively changed 
between the distance and near portions; coordinates are defined such that, assuming that the progressive refractive 
surface of the lens assembled in each of spectacles is viewed from the front side of.a user, the horizontal direction is 
taken as an X-axis; the vertical direction (direction between the distance and near portions) is taken as a Y-axis the 
5 depth direction is taken as a Z-axis; and a progressively change starting point located at the lower end of the distance 
portion is taken as an origin (x, y, z) = (0, 0, 0); assuming that a coordinate o1 an original progressive refractive surface 
is taken as z p , and a coordinate of the progressive refractive surface is taken as z t , a relationship expressed by the fol- 
lowing equation (2) using b p defined by the following equation (1) is established; 

b P= 2 2" 2 0) 

x +y +z p 
(b p+ 6)r 2 

75 2 t = , (2) 

. 1 +> /l-(b p+ S)V 

at the distance portion along a main meridian line extending substantially in the Y-axis direction of the progres- 
20 sive refractive surface, the 8 is given by 8 = g(r) ; at the near portion along the main meridian line extending substan- 
tially in the Y-axis direction of the progressive refractive surface, the 8 is given by 8 = h(r) ; and at other portions, the 8 
is given by 5 = a • g(r) + p • h(r) where a and p satisfy the relationship of a + p = 1 .0 , 0^ a ^1 , and 0^ p ^1 ; r is a 
distance from the progressively change starting point and is expressed by r = (x 2 + y 2 ) 1/2 ; and the g(r) and h(r) are 
each a function depending only on r and satisfy the relationship of g(r) * h(r) and g(0) = 0. 
25 [001 9] According to a fifth invention, there is provided a progressive power lens characterized in that at least one of 
two refractive surfaces forming a spectacle lens is configured as a progressive refractive surface including a distance 
portion and a near portion having different focal powers, and a progressive portion in which a focal power is progres- 
sively changed between the distance and near portions; coordinates are defined such that, assuming that the progres- 
sive refractive surface of the lens assembled in each of spectacles is viewed from the front side of a user, the horizontal 
30 direction is taken as an X-axis; the vertical direction (direction between the distance and near portions) is taken as a Y- 
axis the depth direction is taken as a Z-axis; and a progressively change starting point located at the lower end of the 
distance portion is taken as an origin (x, y, z) = (0, 0, 0); assuming that a coordinate of an original progressive refractive 
surface is taken as z p , and a coordinate of the progressive refractive surface is taken as z,, a relationship expressed by 
the following equation (3) using b p defined by the following equation (1) is established; 



35 



b P= 2 2 P 2 0) 

x +y +z p 



40 H r 2 



2 t = i P = (3) 



i+V 1 -(i+s)V 2f2 



^5 at the distance portion along a main meridian line extending substantially in the Y-axis direction of the progres- 

sive refractive surface, the 8 is given by 8 = g(r) ; at the near portion along the main meridian line extending substan- 
tially in the Y-axis direction of the progressive refractive surface, the 8 is given by 8 = h(r) ; and at other portions, the 8 
is given by 8 = a • g(r) + p * h(r) where a and p satisfy the relationship of a + p = 1.0 , 0^ a si, and 0^ p ^1 ; r is a 
distance from the progressively change starting point and is expressed by r = (x 2 + y 2 ) 1/2 ; and the g(r) and h(r) are 

so each a function depending only on r and satisfy the relationship of g(r) * h(r) and g(0) = 0. 

[0020] With respect to the above-described methods of calculating an additional aspherical surface amount, the 
additional aspherical surface amount can be smoothly given over the entire progressive refractive surface by interpolat- 
ing, in accordance with an angle at the progressively change starting point, distributions of the ratio a of the optimum 
additional aspherical surface amount g(r) at the distance portion and the ratio p of the optimum additional aspherical 

55 surface amount h(r) at the near portion. 

[0021 ] According to a sixth invention, there is provided a progressive power lens according to any one of the first to 
fifth inventions, wherein an angle formed between a straight line extending from the progressively change starting point 
to the outer peripheral portion of the progressive refractive surface and the X-axis is taken as w, the a and p satisfy the 
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following equations (4) and (5): 



w 



15 



a = 0.5 + 0.5 sin (w) 
P = 0.5 - 0.5 sin (w) 

with such an inoon»emanci ffiara ^XlSaTa naa^?n^? ,e f beCaUSe M 8 ' ar9e am ° un ' <* **> T ° MP* 

ft 

h «-2W.'(r-r.)- ... (?) 

S rai u r r e :; 0 n ssxe 'pSsssrszrr point by a ,ensmeter - a drcuiar ^ **** a 

spherical design portion JS ^^SSiLSlSi^ T ™ Y preferab,y made confi 9^ as a 
ical surface amount may be preS^o^^Si^JSf 6 Whe ° r ° <r> ^ additional as <> her - 

and (7). The specific distance 7™y K *°™ the ^"described equations (6) 

point, concrete.y. in a range of l^VZ^^T^ * C ° Verm9 * pWc P ° W6r measurement 

E^oS 

and h(r) satisfy the following equations $) £ 1(7): * relat ^h.p of g(0) = 0 and h(0) = 0. and when r 0 <r. g(r) 



h(r)=2 



H *( r - r »Y — (7) 
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si^r<;raL:Si h ?;t z ~ 
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Brief Description of Drawings 
[0029] 

5 Figs. 1(a) and 1(b) show coordinates of a progressive power lens in which a progressive refractive surface is dis- 

posed on the outer surface, wherein Fig. 1 (a) is a sectional view taken on surfaces along X-Z axes passing through 
a progressively change starting point, and Fig. 1(b) is a front view; 

Fig. 2 is a front view of the progressive power lens of the present invention showing sections of a ratio between two 
kinds of additional aspherical surface components added in the progressive refractive surface; 
w Fig. 3 is a front view of the progressive power lens showing sections of a ratio between two kinds of additional 
aspherical components added in the progressive refractive surface; 

Fig. 4 is a front view showing coordinates of the progressive refractive surface of the progressive power lens of the 
present invention; 

Fig. 5 is a front view showing a change in dioptric power along the main meridian line on the progressive refractive 
15 surface of the progressive power lens and a dioptric power measurement point; 

Figs. 6(a) and 6(b) show coordinates of a progressive power lens in which a progressive refractive surface is 
arranged on the inner surface, wherein Fig. 6(a) is a sectional view taken on surfaces along X-Z axes passing 
through a progressively change starting point, and Fig. 6(b) is a front view; 

Fig. 7 is a front view of a progressive power lens showing a distribution of astigmatism of a progressive power lens 
20 in which a progressive refractive surface formed by spherical design is provided on the eye side; and 

Fig. 8 is a front view of the progressive power lens of the present invention showing a distribution of astigmatism of 
a progressive power lens in which a progressive refractive surface formed by aspherical design is provided on the 
eye side. 

25 Best Mode for Carrying Out the Invention 

[0030] Hereinafter, embodiments of a progressive power lens according to the present invention will be described. 
The progressive power lens of the present invention used for correcting visual acuity includes two refractive surfaces, 
on an object side and an eye side, forming a spectacle lens, wherein at least one of these refractive surfaces is conf ig- 

30 ured as a progressive refractive surface having a distance portion and a near portion which are different in focal power 
from each other, and a progressive portion in which the focal power is progressively changed between the distance and 
near portions. The progressive refractive surface is obtained by simply forming a new progressive refractive shape by 
an aspherical design on the basis of a progressive refractive shape formed by a spherical design, or simply forming, on 
the basis of a progressive refractive shape formed by an aspherical design adapted for a certain user's recipe, a new 

35 progressive refractive shape by an aspherical design optimum to another desired user's recipe. 

[0031] According to the present invention, particularly, an additional aspherical surface amount to be added to an 
aspherical progressive power lens can be optimized for each user's recipe, and on the basis of the optimum additional 
aspherical surface amount, the optimum progressive refractive shape can be usually obtained by a simple calculating 
method. The method of the present invention, therefore, is suitable for production on order. 

40 [0032] Referring to Figs. 1 (a) and 1 (b), coordinates of a progressive power lens are defined such that assuming that 
the progressive refractive surface of the lens assembled in each of spectacles is viewed from the front side of the user, 
the horizontal direction is taken as an X-axis; the vertical direction (direction between distance and near portions) is 
taken as a Y-axis; the depth direction is taken as a Z-axis; and a progressively change starting point O located at the 
lower end of the distance portion is taken as an origin, that is, (x, y, z) = (0, 0, 0). 

45 [0033] According to the present invention, as described above, an additional aspherical surface amount for each 
user's recipe is not determined on the basis of ray tracing but is determined by a method wherein the optimum addi- 
tional aspherical surface amount is previously determined by actual ray tracing for several examples selected from a 
range of user's recipes using a common basic progressive refractive surface, and then a new additional aspherical sur- 
face amount for a desired user's recipe is determined by interpolation using a function defining a distribution of addi- 

50 tional aspherical surface amounts prepared on the basis of the optimum additional aspherical surface amount. The 
additional aspherical surface amount is calculated in accordance with the following five calculating methods: 
[0034] The first method of calculating an additional aspherical surface amount is to directly calculate the coordinate 
of the additional aspherical surface amount in the z-axis direction. An original coordinate Zp of a progressive refractive 
surface in the depth direction is expressed by a function of coordinates (x, y) as follows: 

55 

Z p =f(x, y) 

[0035] When an additional aspherical surface amount 6 in the z-axis direction is added to z p , assuming that a syn- 
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thesized coordinate in the z-axis direction after addition of 8 that k a ™ nr *.„^ ~* 

face is taken as z, the coordinate z, is expressed by ' coordinate of a ™w progressive refractive sur- 



2 t = z p + i> 
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quently. the additional coordinate 8 at XdS^^S^^^ ? " nd nMr P ° rti ° ns - Conse - 

substantially in the V-axis direction ofthepro^^^ 



» = g« 

8 = h(r) 
g(0 * h(r) 



25 
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8 = a • g(r) + p • h(r) 
a + p = 1.0 
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Os p si 



[0041 ] The first method of ralcutetinn in JSr f as,,y added to th e original progressive refractive surface, 
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8 = a • g(r) + p • h(r) at other portions. 

[0043] In the above equations, a and p satisfy the relationship of a + p = 1 .0 , 0^ a ==1 , and 0^ p ; r is a distance 
from the progressively change starting point O and is expressed by r = (x 2 + y 2 ) 1/2 ; and g(r) and h(r) are each a func- 
tion depending only on r and satisfy the relationship of g(r) * h(r) and g(0) = 0. 

5 [0044] The second method of calculating an additional aspherical surface amount, in which an additional aspherical 
surface amount is calculated on the basis of a distribution of inclinations, is advantageous in that the control of a prism 
amount can be easily performed. The Z-coordinate can be determined by integration based on the origin. 
[0045] The third method of calculating an additional aspherical surface amount is characterized in that assuming 
that a radial curvature of an original progressive refractive surface is taken as c p and a curvature of a new progressive 

w refractive surface is taken as c t , the relationship of c t = c p + 8 is established. An additional aspherical surface amount 
8 is 8 = g(r) at the distance portion along the main meridian line extending substantially in the Y-axis direction of the 
progressive refractive surface; 8 = h(r) at the near portion along the main meridian line extending substantially in the 
Y-axis direction of the progressive refractive surface; and 6 = a • g(r)+p • h(r) at other portions. 
[0046] In the above equations, a and p satisfy the relationship of a + p = 1 .0 , 0^ a =M , and 0^ p =M ; r is a distance 

is from the progressively change starting point O and is expressed by r = (x 2 + y 2 ) 1/2 ; and g(r) and h(r) are each a func- 
tion depending only on r and satisfy the relationship of g(r) * h(r) and g(0) = 0. 

[0047] The third method of calculating an additional aspherical surface amount, in which an additional aspherical 
surface amount is calculated on the basis of a distribution of curvatures, is advantageous in that the optical evaluation 
is simplified and the aspherical design is facilitated, to easily form an aspherical shape in accordance with a desired 

20 user's recipe. The Z-coordinate can be determined by integration based on the origin. 

[0048] The fourth method of calculating an additional aspherical surface amount is characterized in that assuming 
that a coordinate of an original progressive refractive surface is taken as z p ; a coordinate of a new progressive refractive 
surface is taken as z t ; and a factor for converting a Z-coordinate of a progressive refractive surface into a curvature is 
defined as b p expressed the following equation (1), the relationship expressed by the following equation (2) is estab- 

25 lished. 

x +y +z p 



30 



35 



1+Jl-(/> p +8)V 



[0049] An additional aspherical surface amount 8 is 8 = g(r) at the distance portion along the main meridian line 
extending substantially in the Y-axis direction of the progressive refractive surface; 8 = h(r) at the near portion along 
the main meridian line extending substantially in the Y-axis direction of the progressive refractive surface; and 
8 = a • g(r) + p • h(r) at other portions. 
40 [0050] In the above equations, a and p satisfy the relationship of a + (5 = 1 .0 t Q£ a =i1 , and 0^ p ^1 ; r is a distance 
from the progressively change starting point O and is expressed by r = (x + y 2 ) 1/2 ; and g(r) and h(r) are each a func- 
tion depending only on r and satisfy the relationship of g(r) * h(r) and g(0) = 0. 

[0051] The fourth method of calculating an additional aspherical surface amount, in which an additional aspherical 
surface amount is calculated on the basis of a distribution of curvatures, is advantageous in that the optical evaluation 

45 is simplified and the aspherical design is facilitated, to easily form an aspherical shape in accordance with a desired 
user's recipe, and further the Z-coordinate can be directly calculated without use of integration. 
[0052] The fifth method of calculating an additional aspherical surface amount is characterized in that assuming 
that a coordinate of an original progressive refractive surface is taken as z p ; a coordinate of a new progressive refractive 
surface is taken as z t ; and a factor for converting a Z-coordinate of a progressive refractive surface into a curvature is 

so defined as b p expressed the following equation (1), the relationship expressed by the following equation (3) is estab- 
lished. 

2Z D 

bp= 2 2 P 2 * 0) 

55 x+y +Zp 



8 



EP 1 004 918 A1 



z . = 



(3) 



tion depending only on r and satisfy the relationship of g(r) * h(r) and g o) - 0 ( ° ° 3 ,UnC " 

a = 0.5 + 0.5 sin (w) 

(4) 

P = 0.5 - 0.5 sin (w) (5) 
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•(6) 



5 



h(r)= J H„(r- r n y 



•(7) 



n 



10 



[0063] In the above equations, G n and H n are coefficients for determining g(r) and h(r), which are constants not 
is depending on i for a certain progressive refractive surface; and n is an integer of 2 or more. 

[0064] Upon determination of an additional aspherical surface amount by interpolation, if an additional aspherical 
surface amount itself is interpolated, the calculation becomes complicated because of a large amount of data. To cope 
with such an inconvenience, there may be adopted a method in which the above functions g(r) and h(r) defining a dis- 
tribution of additional aspherical surface amount are expressed by the above equations (6) and (7), and the coefficients 
20 G n and H n determining the functions are interpolated with respect to the same term n for each user's recipe. This is 
effective to significantly reduce the calculation amount, and hence to simplify the lens design. 

[0065] Next, a progressive power lens produced in consideration of the dioptric power measured by using a lensm- 
eter will be described. The dioptric power added to the progressive power lens is, as shown in Fig. 5, progressively 
changed from the progressively change starting point O. Accordingly, upon measurement of the dioptric power by the 
25 lensmeter, a dioptric power measurement point is generally set at a position offset 5-10 mm on the distance portion side 
from the progressively change starting point O in consideration of the width of a light ray emitted from the lensmeter. 
However, if the aspherical design is applied up to the vicinity of the progressively change starting point O, when the 
dioptric power is measured by the lensmeter, the dioptric power of the lens cannot be guaranteed because of occur- 
rence of astigmatism. 

30 [0066] To cope with such an inconvenience, as shown in Fig. 5, a circular portion having a specific radius r = r 0 
centered at the progressively change starting point O may be preferably made configured as a spherical design portion 
without addition of any additional aspherical surface amount. To be more specific, when 0^r^r 0 , the relationship of g(0) 
= 0 and h(0) = 0, that is, 8 = 0 may be given, and when r 0 <r, g(r) and h(r) may satisfy the above-described equations (6) 
and (7). The specific distance r 0 may be preferably in a range capable of covering the dioptric power measurement 

35 point, concretely, in a range of 7 mm or more and less than 12 mm. 

[0067] The provision of such a spherical design portion does not particularly exert an effect to the optical perform- 
ance because the vicinity of the progressively change starting point O is near the optical axis, and therefore, an ideal 
additional aspherical surface amount to be added thereto is essentially small. 

[0068] While the several embodiments of the progressive power lens of the present invention have been described, 
40 the most suitable form of the progressive power lens of the present invention can be obtained by arranging the progres- 
sive refractive surface on the inner surface side, that is, on the refractive surface on the eye side. 
[0069] By arranging the progressive refractive surface on the inner surface, the refractive surface on the outer sur- 
face side can be configured as a spherical surface. It is known that such a configuration is able to reduce the image 
jump and aberration which are drawbacks of the progressive power lens and hence to improve the optical performance 
45 (W097/19382). If the present invention is applied to the progressive power lens in which the progressive refractive sur- 
face is arranged on the inner surface, there can be realized, in addition to the effect of reducing the image jump and 
aberration disclosed in W097/19382, the effects of the present invention, that is, the reduction in astigmatism and thin- 
ning of the lens. 

[0070] To apply the present invention to the progressive retractive surface disclosed in W097/19382, the coordi- 
50 nates shown in Figs. 1 (a) and 1 (b) may be converted into those shown in Figs. 6(a) and 6(b). 

[0071 ] « Further, to keep up with an astigmatic user's recipe, an aspherical surface may be added to a free curve sur- 
face obtained by synthesizing a progressive refractive surface and an astigmatic surface, which is disclosed in 
W097/19382, in accordance with the above-described method. 

[0072] To be more specific, a coordinate z at an arbitrary point P (x. y, z) on a surface on the eye side is expressed 
55 by the following equation (8) by using an approximate curvature Cp at the arbitrary point P on a progressive refractive 
surface formed by spherical design, and curvatures Cx and Cy in the x and y directions on a toric surface added to the 
progressive refractive surface formed by spherical design. 
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z= (CP+Cx)x Z +(Cp+Cv)v 2 
1+Vh Cp+Cx)*x 2 -(Cp+Cy) 2 y 2 



(8) 



idded to a 1^™^ an r i0na ' aSPh6riCal SUrf3Ce a ~ ^ be 

surface by using the equation ^^S^^^SS!!^ ^ 8UrtBCe Ca,CL " ated and an asti 9 matic 
lating an additional aspherical SilSSS " * * ^ ■ bo "* d ««*«' fourth method of calcu- 

££1™^ ,ens in the progressive refractive su, 

refractive suLe is arrangS onThe oul^ ,ens in Progressive 

power and astigmatic power are ensuL ^ 

although the inner surface stde is to^no a^Il^Z f^J^ at 8 Specific curva,ure - Accordingly, 
the outer side is formed into a ^shipTwhich ^^S^^T^T? ^ "T^* on 
specie dioptric power range. As a result. £ec^^^ JJ*? "T ^ * h 3 

EL. ^^!^^^^^^^^ on - inner surface. 

by setting the shape of the inner surface. The design for such a^grefs ve ^X^us^l^ 

made design. As a result, an additional aspherical surface amountTui table for a Dre^erm^l P f 

d.optric power can be added to the inner surface of the lens. predeterm.ned recipe .nclud.ng the 

[0076] Examples of the present invention will be described hei™« p;„ •? i.u~ • * • 

spectacle .ens produced by spherical design in wh!* 

accordance with the recipe ofS- + 40D C-nn an n *:,!wv re,ractlv e surface is formed on the eye side in 
matism of a lens by aspherical destan «£<« J \%Z£%L k P °T ' S 2 0 ° Fig 8 Shows a distribution of astig- 

present invention. y opt 031 P er1orman ce is enhanced by the method of the 



First Example 



lnthiscase,g(r)andh(r)^ 

of the equations (6) and (7) ResDective M r a L sre . ^ se ? ?/ ,ne P olvr <omial expressions of r on the basis 
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Table 1 



Parameter 


Value 




10 


G 4 


2.45E-06 


Ge 


-5.94E-09 




5.23E-12 


H 4 


1.52E-06 


H 6 


-4.18E-09 


H 8 


5.31E-12 



Su.ated B deZfng T^TuST^Z^ bT* ^ *™« * ** ^ 
centered at the prc^ressTe y change start! S^^c^T?" 8 (5) 38 the fUnCti ° nS 0f ,he an 9 ,e « 

Point O and on the angle w /entered' ^ SX^SSSS ftS f< 
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Table 2 
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29 
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56 


50 


45 


43 


45 


50 


56 


26 


68 


76 


81 


83 


81 


76 


68 


60 


54 


52 


54 


60 


68 


27 


80 


89 


95 


98 


95 


89 


80 


72 


65 


63 


65 


72 


80 


28 


94 


104 


110 


113 


11C 


► 104 


94 


8S 


78 


76 


78 


85 


94 


29 


11C 


119 


126 


129 


126 


> 1 1€ 


11C 


I 101 


94 


92 


94 


\ 101 


' 110 


30 


129 


137 


143 


146 


> 143* 131 


r 12S 


> 12C 


) 1 14 


► 112 


114 


I 12C 


1 129 



Second Example 

[0079] To obtain the inner surface progressive lens shown in Fig. 8, an additional aspherical surface amount is cal- 
culated in accordance with the second method of calculating an additional aspherical surface amount. In this case, g(r) 
and h(r) in the second calculating method are expressed by the polynomial expressions of r on the basis of the equa- 
tions (6) and (7). Respective parameters of the equations (6) and (7) in this case are shown in Table 3. The radius r 0 of 
the spherical design portion is set at 10 mm. 



Table 3 



Parameter 


Value 


ro 


10 


G 3 


9.80E-06 


Gs 


-3.56E-08 


G 7 


4.22E-11 


H 3 


6.10E-06 


H 5 


-2.51 E-08 


H 7 


4.25E-11 



[0080] By using the parameters shown in Table 3, the change in additional aspherical surface amount 6 (actual 
value multiplied by 10000) is calculated depending on the values a and p expressed by the equations (4) and (5) as the 
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Table 4 
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15 



25 



30 



35 




45 



Third Example 



Table 5 



50 



55 



Parameter 


Value 


■o 


10 




2.83E-05 


G 4 


-7.60E-08 


Ge 


8.20E-11 


H 2 


1.85E-05 


H 4 


-4.82E-08 
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Table 5 (continued) 



Parameter 


Value 


H 6 


6.43E-11 



[0082] By using the parameters shown in Table 5, the change in additional aspherical surface amount 6 (actual 
value multiplied by 100000) is calculated depending on the values a and {3 expressed by the equations (4) and (5) as 
the functions of the angle w centered at the progressively change starting point O, and on the distance r from the pro- 
gressively change starting point O and on the angle w centered at the progressively change starting point O. The result 
is shown in Table 6. 



Table 6 
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0.500 


0.750 


0.933 
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0.500 
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0.000 


0.067 
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0.500 


0 


0.500 
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0.067 


0.000 


0.067 
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0.500 
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0.933 
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0.750 
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0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 
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10 
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45 
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230 
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253 
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294 
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294 
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230 


212 
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275 
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294 
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334 


318 


312 


318 
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380 
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417 


412 


398 
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361 


380 
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380 


384 


395 


41 1 



Fourth Example 

[0083] To obtain the inner surface progressive lens shown in Fig. 8, an additional aspherical surface amount is cal- 
culated in accordance with the fourth method of calculating an additional aspherical surface amount. In this case, g(r) 
and h(r) in the fourth calculating method are expressed by the polynomial expressions of r on the basis of the equations 
(6) and (7). Respective parameters of the equations (6) and (7) in this case are shown in Table 7. The radius r 0 of the 
spherical design portion is set at 10 mm. 



Table 7 



Parameter 


Value 




10 
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Table 7 (continued) 



10 



15 



Parameter 


Value 


G 2 


2.31 E-05 


G4 


-5.00E-08 


Ge 


4.35E-11 


H 2 


1.63E-05 


H 4 


-4.24E-08 


H 6 


5.41E-11 



is shown in Table 8. 9 ^ at the W^vely change starting point. The result 



Table 8 
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50 
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ical design portion is set at 10 mm. 



Table 9 



Parameter 


Value 


ro 


10 


Qi 


0.783 


G 3 


-5.30E-04 


Hi 


0.485 


H 3 


5.34E-04 



rs [0086] By using the parameters shown in Table 9, the change in additional aspherical surface amount <5 (actual 
value) is calculated depending on the values a and p expressed by the equations (4) and (5) as the functions of the 
angle w centered at the progressively change starting point O, and on the distance r from the progressively change 
starting point O and on the angle w centered at the progressively change starting point O. The result is shown in Table 
10. 

Table 10 
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0.500 


0.750 


0.933 


1.000 


0.933 


0.750 


0.500 


0.250 


0.067 


0.000 


0.067 


0.250 


0.500 


B ! 


0.500 


0.250 


0.067 


0.000 
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0.00 


0.00 


0.00 


0.00 


0.00 


0.00 


0.00 


0.00 


0.00 


0.00 


0.00 


0.00 
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0.63 


0.71 


0.76 


0.78 


0.76 


0.71 


0.63 


0.56 


0.51 


0.49 


0.51 


0.56 


0.63 
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1.27 


1.41 


1.52 


1.56 


1.52 


1.41 


1.27 


1.12 


1.01 


0.97 


1.01 


1.12 


1.27 
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1.90 


2.12 


2.28 


2.33 


2.28 


2.12 


1.90 


1.69 


1.53 


1.47 


1.53 


1.69 


1.90 


14 


2.54 


2.82 


3.02 


3.10 


3.02 


2.82 


2.54 


2.26 


2.05 


1.97 


2.05 


2.26 


2.54 


15 


3.17 


3.51 


3.76 


3.85 


3.76 


3.51 


3.17 


2.83 


2.58 


2.49 


2.58 


2.83 


3.17 


16 


3.80 


4.19 


4.48 


4.58 


4.48 


4.19 


3.80 


3.41 


3.13 


3.03 


3.13 


3.41 


3.80 


17 


4.44 


4.87 


5.18 


5.30 


5.18 


4.87 


4.44 


4.01 


3.69 


3.58 


3.69 


4.01 


4.44 


18 


5.07 


5.53 


5.87 


5.99 


5.87 


5.53 


5.07 


4.61 


4.28 


4.15 


4.28 


4.61 


5.07 


19 


5.71 


6.18 


6.53 


6.66 


6.53 


6.18 


5.71 


5.23 


4.88 


4.75 


4.88 


5.23 


5.71 


20 


6.34 


6.82 


7.17 


7.30 


7.17 


6.82 


6.34 


5.86 


5.51 


5.38 


5.51 


5.86 


6.34 


21 


6.98 


7.44 


7.78 


7.91 


7.78 


7.44 


6.98 


6.51 


6.17 


6.05 


6.17 


6.51 


6.98 


22 


7.61 


8.05 


8.36 


8.48 


8.36 


8.05 


7.61 


7.18 


6.86 


6.74 


6.86 


7.18 


7.61 


23 


8.25 


8.63 


8.91 


9.01 


8,91 


8.63 


8.25 


7.86 


7.58 


7.48 


7.58 


7.86 


8.25 


24 


8.88 


9.19 


9.42 


9.51 


9.42 


9.19 


8.88 


8.57 


8.34 


8.26 


8.34 


8.57 


8.88 


25 


9.52 


9.74 


9.90 


9.96 


9.90 


9.74 


9.52 


9.30 


9.14 


9.08 


9.14 


9.30 


9.52 


26 


10.15 


10.25 


10.33 


10.36 


10.33 


10.25 


10.15 


10.05 


9.97 


9.95 


9.97 
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, 27 
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10.79 


10.83 


10.86 
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10.83 


10.79 
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11.42 


11.21 


11.06 


11.00 


11.06 


11.21 


11.42 


11.63 


11.79 


11.84 


11.79 


11.63 


11.42 


29 


12.06 


11.65 


11.35 


11.24 


11.35 


11.65 


12.06 


12.47 


12.77 


12.88 


12.77 


12.47 


12.06 


30 


12.70 


12.06 


11.59 


11.42 


11.59 


12.06 


12.70 


13.33 |13.80 


13.97 


13.80 


13.33 


12.70 



50 

[0087] According to the progressive power leris of the present invention, the optimum aspherical component can be 
added over the entire area of the lens on the basis of a simple design, to realize improvement of the optical performance 
55 such as reduction in astigmatism and thinning of the lens. 
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Industrial Applicability 
Claims 

1 . A progressive power lens characterized in that 

at least one of two refractive surfaces forming a spectacle lens has a progressive refractive surface includino 
a distance port-on and a near portion having different local powers, and a progressive portio SSJ?S3 
power progressively changed between said distance and near portions- portion having a focal 

coordinates are defined such that, assuming that said progressive refractive surface of the lens assembled in 
each of spectacles ,s viewed from the front side of a user, the horizontal direction is taken as an " Z 
vertical d.rection (direction between said distance and near portions) is taken as a Y^S the dep^ Son 

Isirnasan^ 

assuming that a coordinate of an original progressive refractive surface is taken as z D and a coordinate of said 
atTiSX 6 ? iS t3ken 95 Z " 3 rela «°" shi P of z , = z p + 6 is established; and 

Se^rer^ 

lT e -^To" S a^ a 8 n a V<= i T,? y ''"J 9W + P * h( ° WhSre a 3nd P Safef y <he relationship of 
TOedby °-?x 2 l' V * L ^ h '"rf * Bm P ro 9 ressive, V <*ange starting point and is 

SS&l: h;? and g'(0) ! 0 ^ ^ " "* 3 ^ dePendinfl ° n ' y ° n ' and —> » ha 

™« SSiVe 'T' 6 ' ,6nS aCC ° rdin9 to ° ,aim 1 ■ wherein an an 9' e formed between a straight line extendino from the 

T^t'tZZTT-T 9 10 1" 6 0Ut6r P6ripheral ^ of said P r °3 ressive r 9 efractVe1u*c? aTsS 
X-axis is taken as w, said a and p satisfy the following equations (4) and (5) : 

a = 0.5 + 0.5 sin (w) ^ 

P = 0.5 - 0.5 sin (w) (5) 

3. A progressive power lens according to claim 1 . wherein said g(r) and h(r) satisfy the following equations (6) and (7): 

S (r)= 2 G «('-r»r - (6) 



2. 



h(r)=2"n'(r-r o y - ( 7 ) 



and , H " COe * icients for determining g(r) and h(r). which are constants not depending on r for a certain 
progressive refractive surface; and n is an integer of 2 or more. pena.ng on ror a certain 

4 ' -^T-T^Z^r d 'T° JSl 1, Wh6rein Wh6n ° *** 9W and ™ the rela «°^hip of o(0) 

- u and h(0) _ 0. and when r 0 <r, g(r) and h(r) satisfy the following equations (6) and (7) : 
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g(r)= J G„-(r-r () r - (6) 



h(r)=J^ -(r-r n )" " (7) 



10 



where G n and H n are coefficients for determining g(r) and h(r), which are constants not depending on r for a certain 
progressive refractive surface; and n is an integer of 2 or more. 

5. A progressive power lens according to claim 4, wherein said r 0 is 7 mm or more and less than 12 mm. 

15 

6. A progressive power lens according to claim 1 , wherein said progressive refractive surface is provided on the eye 
side. 

7. A progressive power lens characterized in that 

20 

at least one of two refractive surfaces forming a spectacle lens has a progressive refractive surface including 
a distance portion and a near portion having different focal powers, and a progressive portion having a focal 
power progressively changed between said distance and near portions; 

coordinates are defined such that, assuming that said progressive refractive surface of the lens assembled in 
25 each of spectacles is viewed from the front side of a user, the horizontal direction is taken as an X-axis; the 

vertical direction (direction between said distance and near portions) is taken as a Y-axis; the depth direction 
is taken as a 2-axis; and a progressively change starting point located at the lower end of said distance portion 
is taken as an origin (x, y, z) = (0, 0, 0); 

assuming that a radial inclination of an original progressive refractive surface is taken as dz p and a radial incli- 
30 nation of said progressive refractive surface is taken as dz t , a relationship of dz t = dz p + 8 is established; and 

at said distance portion along a main meridian line extending substantially in the Y-axis direction of said pro- 
gressive refractive surface, said 8 is given by 8 = g(r) ; 

at said near portion along the main meridian line extending substantially in the Y-axis direction of said progres- 
sive refractive surface, said 8 is given by 8 = h(r) ; and 
35 at other portions, said 8 is given by 8 = a • g(r) + (5 • h(r) where a and p satisfy the relationship of 

a + p = 1.0 , 0^ a ^1, and 0^ p si; r is a distance from said progressively change starting point and is 
expressed by r = (x 2 + y 2 ) 1/2 ; and said g(r) and h(r) are each a function depending only on r and satisfy the 
relationship of g(r) * h(r) and g(0) = 0. 

40 8. A progressive power lens according to claim 7, wherein an angle formed between a straight line extending from the 
progressively change starting point to the outer peripheral portion of said progressive refractive surface and said 
X-axis is taken as w, said a and p satisfy the following equations (4) and (5): 

a = 0.5 + 0.5 sin (w) (4) 

45 

p = 0.5 - 0.5 sin (w) (5) 
9. A progressive power lens according to claim 7, wherein said g(r) and h(r) satisfy the following equations (6) and (7): 

g<r)= •(/•-r n )« - (6) 



55 



(7) 
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where G n and H n are coefficients for determining g(r) and h(r), which are constants not depending on r for a certain 
progressive refractive surface; and n is an integer of 2 or more. "or a certain 

0 and h(0) = 0, and when r 0 <r, g(r) and h(r) satisfy the following equations (6) and (7): 

&< r) =2<V(r-r 0 )" - ( 6) 



hW-JlT.-Cr-r,)- " ( 7 ) 



oroorL^Ji^!? identS ?' determinin 9 9 < r > and h (0. which are constants not depending on r for a certain 
progressive refractive surface; and n is an integer of 2 or more. 

1 1 . A progressive power lens according to claim 1 0, wherein said r 0 is 7 mm or more and less than 12 mm. 

12. A progressive power lens according to claim 7, wherein said progressive refractive surface is provided on the eye 

13. A progressive power lens characterized in that 

fJSfn^^ 0 re L raCtiV6 SUrfaCeS f ° rmin9 3 Spectacle ,ens has a Passive refractive surface including 
a distance port.on and a near portion having different focal powers, and a progressive portion having a focal 

power progressively changed between said distance and near portions- 

2rh d of 8 ^ IT , defined f 13 *' assumi "9 **« said Progressive refractive surface of the lens assembled in 
Th *~ fr ° nt ** ° f 3 USer ' *• h ° ri20ntal direction is taken as an X«*l» 

• H 0 " 66,1 Said diStanCe and near 1XKVon ^ is taken as a Y " axis = the de P* lection 

IT^-J^*'**™ CUr r tU - e ° f an ° riginal P r °9 ressive re*"** surface is taken as a, and a radial curva- 
ture of said progressive refractive surface is taken as c„ a relationship of c. = c D + 8 is established' and 

S POrt w n a ' 0n9 ! maiP meridian line sending substantially in the Y-axis direction of said pro- 
gressive refractive surface, said 8 is given by 8 = g(r) ; 

at said near portion along the main meridian line extending substantially in the Y-axis direction of said oroares- 
sive refractive surface, said 8 is given by 8 = h(r) - and Progres 
at other portions. sa id 8 is given by 8 = a • g(r) + p . h(r) where a and p satisfy the relationship of 
expressed | b ' ° r -? x 2 !' V ° If':' * f di ^?f fr0m Said P^essively change starting point and is 

g « ( : h ;, y aid gco^ r 9(r) (r) are ^ a ,mction dependin9 oniy ° n r and 

14 ' t A hrZ?rS Ve T! ' enS aCCOrdin9 10 daim 13 " Wherein an an 9 ,e tormed between a straight line extending from 

2d xTsTtaLn^" 96 f* t0 thS 0Uter P6ripheral P ° rti0n ° f Said P-gressive refractive surface id 

said X-axis is taken as w, said a and p satisfy the following equations (4) and (5): 

a = 0.5 + 0.5 sin (w) ^ 

P = 0.5 - 0.5 sin (w) (5) 

15. ^progressive power lens according to claim 13. wherein said g(r) and h(r) satisfy the following equations (6) and 
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g(r)^2G B -(r-r n r - . (6) 



/0 



where G n and H n are coefficients for determining g(r) and h(r), which are constants not depending on r for a certain 
progressive refractive surface; and n is an integer of 2 or more. 

15 1 6. A progressive power lens according to claim 1 3, wherein when 0==r==r 0 , g( r ) and h(r) satisfy the relationship of g(0) 
= 0 and h(0) = 0, and when r 0 <r, g(r) and h(r) satisfy the following equations (6) and (7): 



(6) 

o S . ~~ n v u ' 

20 



h(x)=^H n {r-r«y - (7) 

25 , 

where G n and H n are coefficients for determining g(r) and h(r), which are constants not depending on r for a certain 
progressive refractive surface; and n is an integer of 2 or more. 

30 17. A progressive power lens according to claim 16, wherein said r 0 is 7 mm or more and less than 12 mm. 

18. A progressive power lens according to claim 13, wherein said progressive refractive surface is provided on the eye 
side. 

35 1 9. A progressive power lens characterized in that 

at least one of two refractive surfaces forming a spectacle lens has a progressive refractive surface including 
a distance portion and a near portion having different focal powers, and a progressive portion having a focal 
power progressively changed between said distance and near portions; 

40 coordinates are defined such that, assuming that said progressive refractive surface of the lens assembled in 

each of spectacles is viewed from the front side of a user, the horizontal direction is taken as an X-axis the ver- 
tical direction (direction between said distance and near portions) is taken as a Y-axis; the depth direction is 
taken as a Z-axis and a progressively change starting point located at the lower end of said distance portion is 
taken as an origin (x, y, z) = (0, 0, 0); 

45 assuming that a coordinate of an original progressive refractive surface is taken as z p , and a coordinate of said 

progressive refractive surface is taken as z t , a relationship expressed by the following equation (2) using b p 
defined by the following equation (1) is established; 

50 D p = ~2 2 2 ^ 

x +y +z p 

(b ° +6) '' 2 • (2) 
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at said distance portion along a main meridian line extending substantially in the Y-axis direction of said pro 
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gressive refractive surface, said 6 is given by o = g(r) ; 

at saidnear portion along the main meridian line extending substantially in the Y-axis direction of said progres- 
sive refractive surface, said 6 is given by 6 = h(r) ; and 

at other* portions, said 6 is given by 6 = a • g(r) + p • h(r) where a and p satisfy the relationship of 
a + p = 1.0. OS a si, and 0s p ^1; r is a distance from said progressively change starting point and is 
expressed by r = (x + y ) ; and said g(r) and h(r) are each a function depending only on r and satisfy the 
relationship of g(r) * h(r) and g(0) = 0. 

20. A progressive power lens according to claim 19, wherein an angle formed between a straight line extending from 
the progressively change starting point to the outer peripheral portion of said progressive refractive surface and 
said X-axis is taken as w, said a and p satisfy the following equations (4) and (5): 

a = 0.5 + 0.5 sin (w) (4) 

p = 0.5 - 0.5 sin (w) (5) 

21. A progressive power lens according to claim 19, wherein said g(r) and h(r) satisfy the following equations (6) and 



h(r)=2// fl -(r-r 0 r ... ( 7 ) 



where G n and H n are coefficients for determining g(r) and h(r), which are constants not depending on r for a certain 
progressive refractive surface; and n is an integer of 2 or more. 

22. A progressive power lens according to claim 19, wherein when 0^r 0 , g(r) and h(r) satisfy the relationship of g(0) 
= 0 and h(0) = 0, and when r 0 <r, g(r) and h(r) satisfy the following equations (6) and (7): 

e^E^^-O' 1 - (6) 

R 

h(r)= £ /f„.(r -/•„)" - ( 7 ) 

n 

where G n and H n are coefficients for determining g(r) and h(r), which are constants not depending on r for a certain 
progressive refractive surface; and n is an integer of 2 or more. 



23. A progressive power lens according to claim 22, wherein said r 0 is 7 mm or more and less than 12 



mm. 



24. A progressive power lens according to claim 19, wherein said progressive refractive surface is provided on the eve 
side. 1 

25. A progressive power lens characterized in that 

at least one of two refractive surfaces forming a spectacle lens is configured as a progressive refractive surface 
including a distance portion and a near portion having different focal powers, and a progressive portion in 
which a focal power is progressively changed between said distance and near portions; 
coordinates are defined such that, assuming that said progressive refractive surface of the lens assembled in 
each of spectacles is viewed from the front side of a user, the horizontal direction is taken as an X-axis; the 
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10 



vertical direction (direction between said distance and near portions) is taken as a Y-axis; the depth direction 
is taken as a Z-axis; and a progressively change starting point located at the lower end of saiddistance«portion 
is taken as an origin (x, y, z) = (0, 0, 0); 

assuming that a coordinate of an original progressive relractive surface is taken as z p , and a coordinate of said 
progressive refractive surface is taken as z t , a relationship expressed by the following equation (3) using b p 
defined by the following equation. (1) is established; 

- ^ m 



15 



at said distance portion along a main meridian line extending substantially in the Y-axis direction of said pro- 
gressive refractive surface, said 6 is given by 6 = g(r) ; 

at said near portion along the main meridian line extending substantially in the Y-axis direction of said progres- 
20 sive refractive surface, said 8 is given by 6 = h(r) ; and 

at other portions, said <> is given by 6 = a • g(r) + p • h(r) where a and p satisfy the relationship of 
o+p = 1.0,0Sasi, and 0s p si; r is a distance from said progressively change starting point and is 
expressed by r = (x 2 + y 2 ) 1/2 ; and said g(r) and h(r) are each a function depending only on r and satisfy the 
relationship of g(r) * h(r) and g(0) = 0. 

25 

26. A progressive power lens according to claim 25, wherein an angle formed between a straight line extending from 
the progressively change starting point to the outer peripheral portion of said progressive refractive surface and 
said X-axis is taken as w, said a and p satisfy the following equations (4) and (5): 

30 a = 0.5 + 0.5 sin (w) (4) 

p = 0.5 - 0.5 sin (w) (5) 

27. A progressive power lens according to claim 25, wherein said g(r) and h(r) satisfy the following equations*(6) and 

35 (7): 

gte=2G n -(r-r 0 y - (6) 



40 



45 



h(r)= 2#„-(r-r 0 r v (7) 



where G n and H n are coefficients for determining g(r) and h(r), which are constants not depending on r for a certain 
progressive refractive surface; and n is an integer of 2 or more. 

so 28. A progressive power lens according to claim 25, wherein when 0^r^r 0> g(r) and h(r) satisfy the relationship of g(0) 
= 0 and h(0) = 0, and when r 0 <r, g(r) and h(r) satisfy the following equations (6) and (7): 



55 
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gG->=2G„(r-r 0 )" ( 6 ) 



h(r)=2^(r-r 0 )" - (7) 

n 

10 

where G n and H n are coefficients for determining g(r) and h(r), which are constants not depending on r for a certain 
progressive refractive surface; and n is an integer of 2 or more. 



15 



29. A progressive power lens according to claim 28, wherein said r 0 is 7 mm or more and less than 12 mm. 

30. A progressive power lens according to claim 25, wherein said progressive refractive surface is provided on the eye 
side. 
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